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Inert-disc, [1] 1NH2-disc, [2] 3NH2-disc [3] , 1cRGD-disc [4] , 1Fe-disc [4] and 1F-disc [5] were sysnthesized as previously reported.
Peptide synthesis
c(RADfK) peptide was synthesized in a similar way as previously reported for the c(RGDfK) [4] following the below mentioned approach. Cyclization (2) : Subsequently, the peptide was cyclized under dilute conditions. The linear peptide 1 (98.7 mg, 96.1 μmol, 1 eq.) was dissolved in 3 mL dry DMF and added dropwise using a syringe pump over a period of 2 hours to a solution of PyBOP (110 mg, 0.21 mmol, 2.2 eq.) and DIPEA (144 μL, 0.83 mmol, 8.6 eq.) in a mixture of dry DCM (11 mL) and dry DMF (28 mL) yielding 2 (quant. conversion). LC-MS: Mw 1010.21; found 1010.67 [M+H] + .
Supporting
Lysine deprotection (3): After evaporating the solvent, the crude cyclic peptide 2 (96.1 μmol, 1 eq.) was dissolved in a mixture of 6 mL dry DCM and 2 mL dry DMF where after Pd(PPh3)4 (55 mg, 47 μmol, 2 eq.) and barbituric acid (75 mg, 481 μmol, 5 eq.) were added. After 2 hours at room temperature the solvent mixture was evaporated and LC-MS confirmed complete lysine deprotection yielding 3 (quant. Introduction reactive handle (4): The crude peptide 3 (96.1 μmol, 1 eq.) was dissolved in 5 mL dry DCM and 60 μL TEA (0.4 mmol, 4.2 eq.) and succinic anhydride (57.6 mg, 0.58 mmol, 6 eq.) were added. After 2 hours at room temperature LC-MS confirmed complete conversion. The crude peptide mixture was purified via reverse phase chromatography (a gradient of acetonitrile in water, 5% to 100% in 10 minutes and held at 100% for 1 more minute, containing 0.1% TFA was used to elute products) and column chromatography (Silica, 5%-10% MeOH and 0.1% formic acid (FA) in DCM), yielding pure 4 (21% peptide-disc (1cRAD-disc, 1cRGD-disc; 8 & 9) 1NH2-disc (5.9 mg, 1.8 µmol, 1 eq.) was dissolved in dry DMF (0.5 mL) with DIPEA (0.6 µL, 3.6 µmol, 2 eq) under dry conditions. Cyclic peptide (4 & 5) (3.7 mg, 3.6 µmol, 2 eq.) was preactivated seperately for 20 minutes at room temperature with PyBOP (4.0 mg, 7,8 µmol, 2 eq.) and DIPEA (2.7 µL, 15.6 µmol, 4 eq.) in dry DMF (0.5 mL). This solution was dropwise added to the solution with the 1NH2-disc and stirred for 24 hours under argon at room temperature (RT). Completion of the reaction was monitored with TLC (10% MeOH in DCM, silica, Rf = 0.2). The crude was purified using silica gel chromatography (silica, 5-15% MeOH in DCM) yielding pure 6 and 7 (78%, 60% + . Protected peptide-disc (6,7) (6.0 mg, 1.4 µmol, 1 eq.) was dissolved in DCM (0.5 mL) with TIS (40 µL, 195 µmol, 139 eq.). Subsequently, TFA was added (1.5 mL) dropwise and stirred for 3 hours at RT. TFA was removed under vacuum by co-evaporating with toluene (3x 2 mL) yielding pure 1cRAD-(8) and 1cRGD-disc (9) (both quant.). 
1G-disc (10)
A solution of 1H-Pyrazole-1-carboxamidine-hydrochloride (3.3 mg, 22.5 µmol, 15 eq.) with DIPEA (3.9 µL, 22.5 µmol, 15 eq.) in 0.15 mL DMF was dropwise added to a solution of 1NH2-disc (5.2 mg, 1.5 µmol,1 eq.) in DMF (0.5 mL) and stirred for 2 days under argon at RT.The crude was purified via size exclusion chromatography yielding pure 1G-disc (80%). MALDI-ToF-MS: Mw 3350.8; found 3351.6 [M+H] + ( Figure S1 ). 
3G-disc (11)
A solution of 1H-Pyrazole-1-carboxamidine-hydrochloride (9.9 mg, 67.5 µmol, 45 eq.) with DIPEA (11.7 µL, 67.5 µmol, 45 eq.) in 0.4 mL DMF was dropwise added to a solution of 3NH2-disc (5 mg, 1.5 µmol, 1 eq.) in DMF (0. Supporting Figure 1 . MALDI-TOF spectra of 1cRAD-disc (8), 1cRGD-disc (9), 1G-disc (10) and 3G-disc (11). Supporting Figure 2 .
1 H-NMR spectra of 1cRAD-disc (8), 1cRGD-disc (9), 1G-disc (10) and 3G-disc (11).
Self-assembly:
UV/vis and fluorescence spectroscopy UV/vis spectra were measured on a Jasco V-650 spectrophotometer equipped with a Perkin-Elmer PTP-1 Peltier temperature control system. Fluorescence spectra were recorded on a Varian Cary Eclipse fluorescence spectrophotometer equipped with a Perkin-Elmer PTP-1 Peltier temperature control system. All measurements were performed in quartz cuvettes with a 10 mm light path (Hellma) and 1800 μL minimal volume. The excitation and emission slits were both set to 5 nm. Discs were measured in their assembled state at a 5 μM stock solutions in sodium phosphate buffer (pH 7.3, 5 M NaCl) (PBS) or dichloromethane (DCM) in which the disc is molecular dissolved. Between measurements the cuvettes were washed with acetone and incubated for an hour in helifax at 37 °C. Discs self-assemble into columnar stacks when diluted in polar-protic solvents driven by hydrophobic interactions, π-π stacking between the aromatic cores and hydrogen bond formation. These hydrogen bonds are formed intramolecular between the amide N-H groups and their neighboring bi-pyridine nitrogen atoms [5] thereby arranging the disc into a propeller like conformation enabling the organized stacking of the disc via arene-arene interactions. The self-assembly can be visualized using UV/Vis and fluorescence spectroscopy by the typical redshift in absorbance and increase in fluorescence upon self-assembly. Nanoparticle tracking analysis was performed with the Malvern Pananalytical NanoSight and used to evaluate the dispersity of formed assemblies. Solutions of 3G-disc or 1cRGD-disc (100 µM, milliQ) were filtered (PVDF, 200 µm) prior measurement.
Supporting Figure 4 . Nanosight size distribution of the disc assemblies if assumed to be spherical for the 1cRGD-disc and 3G-disc (100 µM) in milliQ after filtration (PVDF, 200 µm). Both polymers showed two different populations. Error bars are given by purple and red shadows respectively and indicate 1 standard error of the mean.
Transmission Electron Microscopy (TEM):
Supporting Figure 5 . A) TEM image of 1cRGD-disc copolymer with 1Fe-disc. (9:1) with a high (left) and low (right) magnification. B) TEM image of 3G-disc copolymer with 1Fe-disc (9:1) at a low magnification. Scale bar represents 50 nm. 1cRGD-disc 3G-disc Supporting Figure 6 . Multiphoton microscopy images of Hela cells incubated with inert-disc, 1NH2-disc or 1G-disc (5 μM) after 2 hours. Scale bar represents 25 μm. No cellular uptake of the inert-disc nor of the single charged 1NH2-disc or 1G-disc is observed.
Supporting Figure 7 . Multiphoton microscopy images of Hela cells incubated with a 5 μM mixture of 3NH2-disc for 5-50 minutes. Scale bar represents 50 μm.
Supporting Figure 8 . Multiphoton microscopy images of Hela cells incubated with a 5 μM mixture of 3G-disc for 5-50 minutes. Scale bar represents 25 μm. Within 15 minutes the 3G-disc binds to the cellular membrane. From 30 minutes, 3G-disc is also internalized progressively in a similar way as previously reported for the 3NH2-disc. [5] Uptake efficiency disc with confocal microscopy
The average intensity per cell was determined via confocal microscopy. Three images with a total of 350 cells per condition were selected. The raw intensity density (the sum of the values of the pixels in the image or selection) and area were calculated with ImageJ. The average background signal was determined by selecting 4 different areas within a single picture without cells. To correct for background noise, the signal was subtracted from the total raw intensity density of the cells and divided by the number of cells to gain the average intensity per cell.
Supporting Figure 9 . A) Confocal microscopy images of the cellular uptake of 5 µM solutions of 3G-and 3NH2-disc in culture medium by Hela cells after a 16 hour incubation, additionally cell nuclei were stained with CYTO59 prior imaging. Scale bar represent 25 μm. B) Average fluorescence per cell after a 16 hour incubation of 5 µM solutions of 3G-and 3NH2-Dics, Fluorescence of over 350 cells per condition were measured at 3 different places within the culture well.
Hela cells were counted and seeded in 96 well plates (7500 cells per well) using DMEM supplemented with 1% Pen/Strep and 10% FBS and incubated overnight at 37 °C, 5% CO2. 10x stock solution of disc were prepared in PBS, diluted down in medium to a concentration between 2.5 and 7.5 μM and added to the cells. After an overnight incubation at 37 °C, 5% CO2 the cells were washed once with PBS and incubated with 0.83 mg/mL MTT in medium without phenol red at 37 °C, 5% CO2 for 3.5 hours. Subsequently, the medium was removed and the MTT crystals were dissolved in 150 µL DMSO for 15 minutes on a shaker. The absorbance was read out at 595 nm with a plate reader. The absorbance was normalized using the absorbance of PBS treated cells.
Supporting Figure 10 . Metabolic activity of Hela cells after a 17 hour incubation with 5 μM 3G-or 3NH2-disc at 37 °C, 5% CO2. For the whole concentration range the 3G-disc is slightly cytotoxic in contrast to the 3NH2-disc.
Supporting Figure 11 . Multiphoton microscopy images of Hela cells incubated with a 5 μM mixture of 3G-disc (A,B) or 3NH2-disc (C,D) with 1F-disc 9:1 (A,C) or 8:2 (B,D) after 2 hours. Scale bar represents 10 μm. Images in figure B are identical to Figure 3C in the main manuscript. Addition of 10-20% 1F-disc hampers the uptake of mixtures with the 3NH2-disc. On the contrary, 3G-disc act as a carriers for the cell impermeable 1F-disc.
Supporting Figure 12 . Multiphoton microscopy images of separate fluorescent channels, complementing figure 3D in the main manuscript. Hela cells incubated with a 5 μM mixture of 3G-disc with 1F-disc (9:1) for 10-140 minutes. 3G-and 1F-disc were intermixed 2 hours before addition to the cells. Scale bar represents 25 μm. The 9:1 mixture of 3G-disc with 1F-disc shows a similar uptake profile as the 3G-disc. Only the internalization is less progressive as an effect of the incorporation of 10% cell impermeable 1F-disc.
Supporting Figure 13 . Flow cytometry analysis of Hela cells treated with a 5 μM solution of 3G-disc (A) or 3NH2-disc (B) with 1F-disc (9:1). Cells were incubated with the disc solution between 10 to 120 minutes at 37 °C, 5% CO2. For both analysis an increase in uptake is observed when the incubation time is increased. Mixtures with the 3G-disc improve the uptake rate as well as the uptake efficiency in comparison to the mixtures with 3NH2-disc.
Supporting Figure 14 . (a) Flow cytometry analysis of Hela cells after an overnight incubation with non-cell permeable 5 μM Inert-disc/1F-disc (9:1), 1F-disc or PBS and (b) after an overnight incubation with non-fluorescein containing solutions of 5 μM 3NH2-or 3G-disc at 37 °C, 5% CO2. Cell impermeable discs are not taken up by the cell and discs and there is no spectral interference between the fluorescein readout and disc.
Supporting Figure 18 . Flow cytometry analysis of MDA-MB-435S and (a) MCF-7 (b) cells followed over time at 37 °C, 5% CO2 after the addition of 5 μM mixtures of 1cRGD-disc (left) or 1RAD-disc (right) with 1F-disc (9:1). Uptake kinetics for the integrin mediated uptake are rather slow in comparison to the charge mediated uptake induced by cationic discs. For all above combinations the uptake is maximized after incubation times between 7-17 hours. The total uptake of cRGD-disc for the integrin rich MDA-MB-435S strain is the largest while only minor changes in uptake are observed for the cell trains incubated with cRAD-disc.
Dual-molecular targeting:
Supporting Figure 19 . Flow cytometry analysis of 1cRAD-disc (A) or 1cRGD-disc (B) copolymers (5 μM) with 1F-disc (10%) and 3G-disc (0%-90%) after a 7 hour incubation on MCF-7 cells. Similar trends were observed for the MDA-MB-435S strain with a reduced uptake correspondingly seen for the 1cRGD-copolymer studies.
Supporting Figure 20 . (a) Flow cytometry analysis of MDA-MB-435S (A) and MCF-7 (B) cells after a 7 hour incubation with PBS, PBS with propidium iodide (PI) or a mixture of Inert-disc and 1F-disc (9:1). Cell impermeable discs are not taken up by the cell and show a similar uptake pattern as mixture with the 1cRAD-disc.
